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Effect of Parenteral Liver Extract on the Blood Picture of
New Born Rats.*

H. D. Bru~Eer. (Introduced by A. J. Carlson.)

From the Departments of Physiology, University of Chicago and Medical College
of State of South Carolina, Charleston, S. C.

Previous work™*® has demonstrated the essential similarity in
the transition toward normal adult levels of the peripheral blood pic-
tures of new born rats and of the human with macrocytic hyperchro-
mic anemia treated with liver extract. The transition in both may be
interpreted® * °* as the result of the substitution of normoblastic
erythropoiesis in the place of megaloblastic erythropoiesis. There
is, therefore, the possibility that the administration of liver extract
may accelerate this transition in new born rats.

A control series of observations on the blood picture changes in
288 normal rats from birth to 24 days of age has been compiled to
serve as a basis of evaluation of the effect of such an experimental
procedure (see Table 3, reference 3).

The degree of variability or scatter as expressed by the standard
deviation is proportionally large and markedly broadens the limits of
non-significance (X = 3¢). Inasmuch as the young do not grow at
the same rate, it is to be expected that blood formation in the dif-
ferent individuals will proceed at different rates. Litter mates fre-
quently showed as large variations and differences as among unre-
lated animals of the same age. Data on the state of hemoconcen-
tration in these rats are not available, A larger daily population
would have smoothed the curves and reduced the variations.

Because of these considerations it is emphasized that only means,
which are not too sharply delineated, and trends may safely be recog-
nized. A sample of the error of observation is indicated by the
coefficients of variation derived from 10 determinations on one blood
specimen (see Table I, reference 3).

Two approaches have been utilized in determining the effect of

* Acknowledgment is made of the generous adviee and aid rendered by Dr. A. J,
Carlson and Dr. G. E. Wakerlin.
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liver extract on the blood picture of young rats: (I) The injection
of liver extract into the mother rats before and during pregnancy,
with examination of the blood of the young at intervals after birth.
(II) The injection of liver extract directly into the young after birth,
with examination of the blood at intervals after injection.

The liver extract used was a clinically active commercial extract
(several different batches) formerly designated as 3 cc derived from
100 g of liver, and now as 10 units per 3 cc.t The rats used were of
the same stock and fed the same diets as the control rats; further,
most of the observations were carried out during the same period.
The technical and hematological methods were as previously de-
scribed® and frequent checks were made to assure that the error of
observation remained within fixed limits.

(I) Liver extract in doses of 2.5 cc per kg body weight was
injected intramuscularly into 19 female rats once per week for 1 to
4 weeks before mating and throughout pregnancy. This weekly
quantity of extract was estimated, on a weight basis, to be approxi-
mately 10 to 15 times the total quantity required to induce remission
in the average case of pernicious anemia.

The blood values of the 144 young of these injected rats were de-
termined in 32 rats within 24 hours after birth and in 14 young on
the third day after birth and every third day thereafter up to the
twenty-fourth day of age. The young of a litter were distributed
over the entire period as far as possible.

The means and the standard deviations (Table I) of the blood
values grouped as to age were checked against the control data by
the method of the standard error of the difference of two means.
The mean values of the erythrocytes, hemoglobin, and hematocrit
were not significantly different from the corresponding means except
in the instance of the erythrocytes on the twelfth, fifteenth, and
eighteenth days; the means of the hemoglobin and hematocrit also
tended to be higher on these days. In view of the definite non-
significance on the ninth and twenty-first days, the differences do not
assume importance. The increased values might readily be explained
by hemoconcentration. The mean values of the mean corpuscular vol-
ume, mean corpuscular hemoglobin and mean corpuscular hemoglobin
concentration were not significantly different. The mean values of the
reticulocytes, percent and absolute, were significantly different from
the means of the control groups only on the sixth day. It will be noted
that the control value for this day is out of line. The leucocyte values

t Supplied in part by courtesy of Dr. G;; w. Clark, Lederle Laboratories, Ine.,
Pearl River, N. Y.



262 PARENTERAL LIvER EXTRACT BL0OD PicTURE NEW BORN

29d suor[wt ui AIN[0SqE puk 314901 [}A13 % ut possardxs s33foomariey ‘9% ul uoyvijusduod urqorSouwray semosudiod uray
QD' fBIdIW DIqnd ul swnjos Ie[nosudiod uwey T= "AD N ¢ s91Ls0a3L1a

fpuwwed pwwied

ut urqofdowsy 1emasndiod uvoly

‘g 1ad spuBsnoy) ut 8934509037 == ) g M fglm

= QAHDN

= q fgwut rod suoypw ur sajfooniLa = DY (818 JO PQUAN = N,

poyord 9% == '3y f{poolq 9o 01 19d 8 ur urqojFouafr

20°T C6°¢ 190 O06T'T L9 36 9T 665 8¢ G8I B9 039 94'%  6L°TE LT 986  G&P'0 OFIC 140 ¥3
00'T TF¥P 9990 8160 0L F0& ¥IT 018 &6 LLI @9 T'LS GE'T 899 €80 938 €I94°0 QILP ¥l I3
€6°0 ¥E€¥ €030 G360 ¥¥ PO0c LT €08 G’ O8I TL  FIY 1€% 0Lk OT'T TP'8 L6900 GLE¥ ¥l 81
180 G8% LIG0 €060 0¢ OTc CT L6 €1 803 L¢ 669 g0’¢ 00708 9.0 268 TII¥'0 <CIEd ¥l ¢l
€40 €T'%Y 6610 9660 ¢¢ T9s 8T €65 03 %€ 8¢ 008 €9°'¢ €L'68 180 g&L'8 3Pe0 oPL¢ ¥1 ol
£6°0 ¥$8'€ 8E30 G¥ST 88 98 ¢G 06c G€ 28 ¥S ¢€L6 8L TL08 180 €68 0380 GClT'¢ 14! 6
6T 8S'€ IST'0 LPOT T'TIT LGP ¢'T 988 9G L3€ 36 SPI1 ¥#I'T 6L83 O0%0 038 FSG'0 0653 ¥1 9
80°T LC'¢ GG¥0 88T ¥EL TOYy &€ 908 €% GLE LOL O%8L 00¢ GI'IE T.L0 656 0990 €3¢ b1 €
36'T €FP 0980 6938 LP 966 ¢€c LI L'¢ 8CSP LFT 6'€PT g6’ 6F9E 08T 9STL PEE0 0962 68 L
> x ® x ® x ® x ® x *°® X S ¢ ° X o X «N skeq
. R — . — . . N —/ N . — N g ww<
»0'EM anosqy % SOAHO'N «'AdH'DO'IW »AD'H »TH *9H PROR: &1

— -
x591L00 00130

"SIOYIOIN Po3oefu] IDBIXF JOAU] woaf sjvy Junox Y JO senjBA poorq jo () SUOTIBIAd( PIepPuBIS puB (X ) SUBI
RERCIE AR



PARENTERAL Liver ExTracT BLoop PicTure NEw BorN 263

showed no significant differences. Only 1.2% of the 1,306 meas-
urements were beyond the limits of the control group; 0.8% of the
measurements were also located beyond the limit of the X = 3¢
for the injected series.

There was found, thus, a lack of consistent differences between
the examined blood values of the experimental and control groups.
While it is possible that some of the young of the injected mothers
showed significant differences, the majority did not. Further, rather
large differences were sometimes obtained between similar blood
values of litter mates of the same age as in the control group.

It may be added that the injection of liver extract did not prevent
the appearance, qualitatively, of the prepartum anemia of the mother
rat as described by Mitchell and Miller® and by Van Donk, Feldman
and Steenbock.”

(IT) The liver extract used for injecting the young rats was
diluted 5 times with distilled water and injected subcutaneously.
Leakage was prevented by sealing the puncture with a stiff vaseline.
The dose used was 5 cc per kg body weight of undiluted extract and
was calculated to be approximately 20 to 25 times the remission in-
ducing dose for the human pernicious anemia patient. A sterile
saline solution containing 0.5% phenol was used for control injec-
tions.

Twenty-eight litters each of 8 or more young were used. For
each 2 young rats injected with diluted liver extract, 1 litter mate
was injected with salt solution to serve as control. Two litters were
injected within 8 hours after birth, and similarly 2 litter groups were
injected for each day after birth up to 14 days of age. Studies were
made on 2 liver extract-injected rats and 1 control rat of the litter
on the fourth, tenth, fifteenth and, if the litter were large enough,
twenty-first days after injection, recording the blood values according
to age. Of the 182 liver extract-injected young, 30 were examined
after the twenty-fourth day and are not included. Since the values
of the young of one age at the different intervals after injection
are distributed indiscriminately among one another, the means and
standard deviations of the whole distribution are presented in
Table II.

The means of the erythrocyte values of the injected rats from
the twelfth to the eighteenth days tended to be higher than the means
of the controls but the difference was not significant nor was the in-

6 Mitehell, H. S., and Miller, L., 4m. J. Physiol., 1931, 98, 311, -

7Van Donk, E. C., Feldman, H., and Steenbock, H., Am. J. Physiol., 1934,
107, 1934.
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flection maintained. A few isolated means of the other 8 blood values
were statistically significant; the remainder were not. Thus, the
great majority of the variations observed could have occurred by
chance.

Comparison of the values of the 2 liver-injected rats with their
litter mate control showed that the control value was located between
the 2 corresponding values of the injected rats in 41%, 39%, and
42% of instances on the fourth, tenth and fifteenth days after injec-
tion respectively. This is approximately what should occur by
chance. The blood values of the 30 injected rats between the twenty-
fifth and thirtieth days continued the trends of the control group
and were comparable to the litter control rats. Of the total of 1,368
determinations, only 0.95% were beyond the limits of X = 3o of
the control group.

Figures 1 and 2 present graphically the most useful criterion, the
mean corpuscular volumes of the erythrocytes, in estimating the
transition changes in the blood of the experimental groups as com-
pared to the control group of young rats. None of the means are
statistically significant.

Growth in both experimental groups of rats as judged by the
weight and crown-tailbase length was comparable to control data.
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Figs. 1 and 2 illustrate the location of the means () and the 34 (®) of the
mean corpuscular volumes of the erythrocytes of the 2 experimental groups of
young rats at indicated ages after birth in relation to the mean (—) *3s (con-
tinuous line) of the control rats.
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The lack of a marked acceleration of normoblastic erythropoiesis
or of a lessened megaloblastic erythropoiesis is indicated especially
by the not significantly different decline of the mean corpuscular
volume, level of the reticulocytes, and increase of erythrocytes.
Fitz-Hugh, Creskoff and Taylor® indicated the ineffectiveness of
daily injections of liver extract in changing the reticulocyte count of
14 nursling rats. The injection of liver extract into the fetuses of
2 pregnant rats was likewise ineffective. Wintrobe, et al.,’ found
that liver extract injected into 3 pregnant rabbits produced no effect
on the erythrocytes of fetuses extracted before term. Also, the in-
jection of 0.15 cc of liver extract into the placentas of rabbit fetuses
in one horn of the uterus did not alter the blood picture of those
fetuses in comparison with the fetuses in the uninjected horn. These
workers reported that extracts of fetal pig livers and of the placenta,
even in the last third of pregnancy, were inactive. Wigodsky, et al.,"”
however, found fetal calf livers anti-anemically active. Wigodsky
and Ivy" injected liver extract into pregnant rats from 2 to 14 days
before delivery. They observed no significant differences between the
values of the erythrocytes, hemoglobin, hematocrit, mean corpuscular
volume, or the mean red cell diameter of new born rats from normal
and antenatally injected mothers. Their data indicate variations
similar to those encountered above.

Briese and Higgins'? have reported that the addition of ventriculin
to the diet of pregnant rats resulted in a decrease of the mean
diameter of the erythrocytes of the new born rats together with a
shift of the Price-Jones curve to the left as measured from dry
smears. The variability in the erythrocyte counts of normal new
born led them to suggest that variations in the maternal stores of
the anti-anemic principle may occur. Stasney and Higgins'® have
reported that the daily intraperitoneal injection of neutralized nor-
mal human gastric juice into pregnant rats for 12 days preceding
parturition resulted in a reduction of the diameters and corpuscular
volumes of the erythrocytes of the new born. Heated gastric juice

8 Fitz-Hugh, T., Jr., Creskoff, A. J., and Taylor, H. B., J. Clin. Invest., Proc.,
1936, 15, 468.

9 Wintrobe, M. M., Kinsey, R. E., Blount, R. C.,, and Trager, W., Am. J. Med.
Sci., 1937, 193, 449.

10 Wigodsky, H. S., Richter, O., and Ivy, A. C., Am. J. Physiol., Proe., 1938,
128, 215.

11 Wigodsky, H. 8., and Ivy, A, C., Proc. Soc. Exp. Bior. AND MEeb,, 1938, 88,
787.

12 Briese, E., and Higgins, G. M., 4nat. Rec., 1939, 78, 105.

13 Stasney, J., and Higgins, G. M., Proc. Staff Meetings Mayo Clinic, 1937,
12, 490.
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produced no effect. Similar effects were obtained by Stasney, Hig-
gins, and Mann'* using the gastric juice obtained from a fundic
pouch of a pig. Briese'® reported that the blood picture of the new
born of rats from mothers rendered anemic by daily inhalations of
CCl, during pregnancy was more macrocytic than the blood of
young from normal mothers.

The lack of significant changes probably are not due to adminis-
tration of insufficient amounts nor to the mode of administration of
liver extract. Connery and Goldwater'® and Riddle and Sturgis'
have shown that single massive doses are effective in inducing
remission in human pernicious anemia. It is interesting to observe
also that the liver preparation did not produce a reduction in erythro-
cytes or hemoglobin. This effect of liver has been reported by Mar-
shall'® after injection of liver into rats made polycythemic by
cobalt. Adlersberg and Leiner' reported that anemia may be pro-
duced in normal rabbits by the administration of liver preparations
both orally and parenterally; a powdered liver preparation given
orally to dogs also produced an anemia.

Assuming that the rat requires the anti-pernicious anemia prin-
ciple, the lack of effect of the administered liver extract in the young
rats is similar to that observed in the human macrocytic hyper-
chromic anemia patient previously given optimal amounts of liver
extract. It would appear that in the presence of adequate amounts
of anti-anemia substance some other factor becomes the limiting
agent in the mechanism of blood production.

Summary. 1. The transition from megaloblastic to normoblastic
erythropoiesis appears to be reflected in data on the blood cell values
of normal rats from birth to 24 days of age. 2. Blood cell values of
young whose mothers were injected with liver extract before and dur-
ing pregnancy were found to be not significantly different from con-
trol values at comparable ages after birth. 3. Blood cell values of
young rats directly injected with liver extract up to the fourteenth
day after birth were found not to be significantly different from
control values at comparable ages after birth. 4. The young rat’s
reaction to the presence of excess anti-anemic principle resembles
that of the human macrocytic hyperchromic anemia patient main-
tained on adequate amounts of liver extract.

14 Stasney, J., Higgins, G. M., and Mann, F. C., Proc. Staff Meetings Mayo
Clinic, 1937, 12, 699.

15 Briese, E., 4m. J. Med. Sci., 1938, 195, 787.

16 Connery, J. E., and Goldwater, L. J., J. Lab. and Clin. Med., 1932, 17, 1016.

17 Riddle, M. C., and Sturgis, C. C., 4m. J. Med. Seci., 1930, 180, 1.

18 Marshall, L. H., 4m. J. Physiol., 1936, 114, 194.

19 Adlersberg, D., and Leiner, G., Z. f. d. ges. exper. Med., 1936, 98, 398.





